Winter cover crops have produced mixed impacts on crop yields in frigid semiarid environments. Our objective was to determine the influence of winter cover crops and landscape positions on corn (Zea mays L.) yield losses due to water and N stress, soil biology, and gene expression. Following wheat (Triticum aestivum L.), cover crop mixtures were drill seeded into three no-till fields. In the following spring, four N fertilizer rates were applied and corn was no-till seeded. The cover crop had fundamentally different impacts on corn yields at Trail City and Andover in 2011. Both sites were water stressed and responded to N fertilizer; however, at Andover 2011 the cover crop reduced corn yields, while at Trail City 2011 the cover crop did not impact yields. The yield reduction at Andover 2011 was attributed to high cover crop production ( >2000 kg ha -1 ), which reduced soil water 15% in the 30-to 60-cm soil depth in November 2010, and in the following growing season increased corn yield loss due to water stress from 1610 to 2950 kg grain ha -1 . Associated with the yield reduction was down expression of two mineral nutrient genes (NCBI, AF325723.1 and APO05869.3) and one gene associated with energy processing (AF325723.1). The cover crops reduced the relative amount of soil NO 3 at four of the six landscape positions and increased the relative bacteria/fungi ratio in 2011. These findings indicate that cover crops after winter wheat can be an important mechanism for scavenging N in semiarid frigid environments; however, adopting techniques that generate high cover crop yields can adversely influence the following cash crop. Abbreviations: NCBI, National Center for Biotechnology Information; SOC, soil organic carbon; YLNS, yield loss due to nitrogen stress; YLWS, yield loss due to water stress.
Winter cover crops can increase yields, improve soil health, reduce nutrient losses, improve nutrient recycling, and reduce the risk of plant diseases (Tisdall and Oades, 1982; Angus et al., 1994; Bending and Lincoln, 1999; Mazzola, 2004; Smeltekop et al., 2002; Ruffo et al., 2004; Snapp et al., 2005; Bollero, 2005, 2006; Clark et al., 2007; Hoffbeck et al., 2008; Monteserrat et al., 2010; Green-Tracewicz et al., 2011; Blanco-Canqui et al., 2012; Bich, 2013) . However, capturing these benefits in frigid, semiarid environments is complicated by a short growing season and the cover crop utilizing water that otherwise would be available to the crop. In semiarid environments, there are conditions where cover crops are beneficial and others where they are not. For example, water stress in cash crops was increased by replacing fallow with a green manure in Montana's arid and semiarid regions (Army and Hide, 1959) , while nutrient losses were reduced by cover crops in irrigated systems (Snapp et al., 2005) . To improve cover crop recommendations in frigid, semiarid regions, a better understanding of how interactions among available soil water, available soil nutrients, and cover crop production impacts the cash crop's yield is needed. Our objective was to determine the influence of winter cover crops and landscape position on corn yield losses due to water and N stress, soil biology, and gene expression.
Soils at Andover and Trail City were a Forman-Aastad loam and a Reeder loam, respectively, which are both classified as fine-loamy, mixed, frigid Typic Argiborolls. The surface soil (0-15 cm) at Andover 2010 contained 26.2 g soil organic C (SOC) kg -1 soil with a d 13 C value of -19.64‰, and the total N content was 2.6 g N kg -1 soil with a d 15 N value of 3.78‰. At Andover 2011, the surface soil (0-7.5 cm) contained 25.9 g SOC kg -1 soil with a d 13 C value of -17.29‰, and the total N content was 2.59 g N kg -1 soil with a d 15 N value of 5.54‰. At Trail City the surface soil contained 18.9 g SOC kg -1 soil with a d 13 C value of -19.79, and the total N content was 20 g N kg -1 soil with a d 15 N value of 4.91‰. The permanent wilting points (-1.5 MPa) for these loam soils ranged from 0.10 to 0.15 g water cm -3 , and based on these values it was estimated that between 6 and 9 cm of the water contained in the surface 60 cm was not available for plant growth. The soil pH values across the landscapes ranged from 6 to 7 in summit areas and from 7 to 8 in footslope areas. Soil pH differences were the result of water flow characteristics previously described by Clay et al. (2001) .
The experimental design was a split-plot randomized block; Andover had four blocks in 2010 and three blocks in 2011, while Trail City 2011 had four blocks. Cover crop treatments (fall cover crop or no fall cover crop) which were the main plots, were planted in fall 2009 and fall 2010. These plots were split by four surface-applied N rates (0, 34, 67, and 134 kg NH 4 NO 3 ha -1 ) before corn seedling emergence. Ammonium nitrate was selected to minimize volatilization. The plot size was 4.6 by 27.4 m and the subplot sizes were 4.6 by 8.4 m. The cover crop mixtures were drilled (seeded) following wheat harvest in mid-August or September (Table 1) . Based on farmer preferences, prior herbicides and soil characteristics for each site had a slightly different cover crop mixture and seeding rate (Table 1 ). All mixtures contained at least one plant from the mustard family.
During the year of seeding, the cover crop biomass was measured in November by randomly placing a polyvinyl chloride square (1.0 m 2 ) in the cover crop plots. The plant biomass within the sampling areas was clipped at the soil surface. Following subsampling, the cover crop was returned to the plot. Cover crop samples were dried at 30°C, weighed, and a subsample ground twice to pass a 0.841-mm (20 mesh) sieve, and analyzed for total N, total C, d 15 N, and d 13 C on a 20-22 Sercon ratio stable isotopic mass spectrometer.
At Andover 2010, Andover 2011, and Trail City 2011, the corn hybrids Mycogen 2J463, Stine 9204, and REA 3V375 were seeded in 0.76-m rows on 21 Apr. 2010, 11 May 2011, and 16 May 2011, respectively. The seeding densities were 74,100, 76,570, and 61,750 seeds ha -1 at Andover 2010, Andover 2011, and Trail City 2011, respectively. Surface-applied N treatments and a preemergence herbicide treatment of glyphosate [N-(phosphonomethyl) glycine] + atrazine [6-chloro-N-ethyl-N¢-(1-methylethyl)-1,3,5-triazine-2,4-diamine] were applied immediately after corn planting to control emerged weeds and surviving cover crop plants.
At physiological maturity, corn grain and stover were measured on 28 Sept. 2010 (Andover 2010), 13 Oct. 2011 (Andover 2011 ), and 5 Oct. 2011 (Trail City 2011 . Corn grain and stover were picked from 9.15 m of row, and each sample was weighed, subsampled, dried, shelled, weighed, ground, and analyzed for total N, total C, d 15 N, and d 13 C. Following subsampling, the corn stover was returned to the plot. Based on the measured yields and associated grain d 13 C values, yield loss due to N stress (YLNS) and yield loss due to water stress (YLWS) were determined (Clay et al., 2005 (Clay et al., , 2009 . Corn stover and grain values were used to calculate the N budgets.
Carbon-13 Isotopic Approach to Define Yield Losses Due to Nitrogen and Water Stress
The 13 C approach for defining water (YLWS) and N stress (YLNS) provides a measure of the plants' physiological response to N and water stress. This method is based on: (i) N stress reducing the CO 2 demand, (ii) water stress impacting CO 2 exchange between the atmosphere and the stomata, and (iii) the mathematical separation of the combined impacts of water and N stress on yield and 13 C isotopic fractionation (Clay et al., 2005 (Clay et al., , 2009 ). In the calculations, the slope of the relationship between the grain d 13 C value and yield in wellfertilized plots that have different amounts of plant-available water (dD water_stress ), and the slope of the relationship between the grains d 13 C value and yield in plots with different N rates (dD N_stress ) are determined (Clay et al., 2005) . Each site had unique D water_stress and dD N_stress values. The calculation also requires a measure of the maximum yield (16,000 kg grain ha -1 at 15.5% moisture), which was experimentally measured in the well-fertilized plots at Andover 2010. Based on these values, the YLWS and YLNS were determined. The calculated YLWS and the spring soil water contents were used to characterized the sites as low (approximately 7% YLWS at Andover 2010), moderate (about 14% YLWS in the summit area at Andover 2011), and high (>30% YLWS at Trail City 2011) water stress.
The d 15 N values were used to assess the N source in the plant. Fertilizer-derived N typically has a d 15 N value of £0‰, whereas soil-or manure-derived N has a d 15 N value that generally is >3‰ (Smeltekop et al., 2002; Clay et al., 2005) . 
Soil Analysis for Inorganic Nitrogen
Soil samples (0-15-, 15-30-, and 30-60-cm depths) were collected at least three times from each site with a 1.9-cmdiameter soil probe. The Andover 2010 soil samples were collected on 9 Sept. 2009 , 14 Apr. 2010 , and 26 Oct. 2010 . The Andover 2011 soil samples were collected on 4 Nov. 2010, 9 May 2011, and 26 Oct. 2011, whereas the Trail City 2011 soil samples were collected on 10 Sept. 2010 , 11 May 2011 , and 30 Nov. 2011 . Each composite soil sample consisted of at least 10 cores that were analyzed for gravimetric soil moisture, air dried, ground, sieved (<2 mm), and analyzed for NH 4 -and NO 3 -N (Clay et al., 2005) . The spring soil samples from Andover 2011 were not analyzed for soil moisture. Apparent N mineralization (Nmin) (Kharel et al., 2011) Nmin plant N fall soil NO NH N spring soil NO NH N
where plant N is the N contained in the grain and stover, and spring N and fall N are the amounts of inorganic soil N contained in the surface 60 cm before seeding and following harvest, respectively. This calculation assumes that during the growing season, N losses in the unfertilized plots were minimal. The N fertilizer response was calculated as where NO 3 -N cc and NO 3 -N ncc are the spring NO 3 -N amounts (0-60-cm depth) in the cover crop (cc) and no cover crop (ncc) treatments, and NH 4,cc -N and NH 4,ncc -N are the spring NH 4 -N amounts (0-60 cm) in the cover crop and no cover crop treatments. A ratio >1 indicates that the cover crop increased the relative NO 3 concentration, whereas a value <1 indicates that the cover crop reduced NO 3 -N. Relative values were used to reduce the inorganic N spatial variability by accounting for the strong dependence between NH 4 -N and NO 3 -N. For example, in the summit at Aurora 2011, the correlation coefficient (r) between NO 3 -N and NH 4 -N in May 2011 was 0.30 (p < 0.10).
Microbial Community Structure
Surface soil samples (0-15 cm) from the summit and footslope positions were collected in May 2011 and October 2011 at the Andover 2011 and Trail City 2011 sites. Following collection, they were frozen until analysis. These samples were analyzed for microbial biomass, fungi, and bacteria using phospholipid fatty acid (PLFA) analysis followed the methods of Bligh and Dyer (1959) as modified by Petersen et al. (2002) . Reagents used in the procedure were high pressure liquid chromatography grade that were supplied by Sigma Aldrich. Two-gram soil samples were added to Teflon-lined screw-cap culture tubes and extracted using methods reported by Ibekwe and Kennedy (1998) . The total lipid extract was fractionated into glyco-, neutral, and polar lipids (Ibekwe and Kennedy, 1998) . The polar lipid fraction was transesterified with mild alkali to recover the PLFA as methyl esters in hexane. Fatty acid methyl esters were analyzed on a gas chromatograph (Agilent Technologies GC 6890) with a fused silica column equipped with a flame ionizer detector and integrator. ChemStation (Agilent Technologies GC 6890) operated the sampling, analysis, and integration of the samples. Extraction efficiencies were based on the nonadecanoic acid peak as an internal standard. Peak chromatographic responses were converted to mole responses by using internal standards, and recalculation of responses was done as needed. Various peaks were used as markers for microorganisms as described in Pritchett et al. (2011) . Biomass, bacteria/fungi ratios, and the mole% of mycorrhizal markers were calculated for each sample. These data were analyzed by using two different approaches. In the first approach, the influence of landscape position and sampling date on the bacteria/fungi ratio and mychorrhizal markers was determined. In the second approach, cover crop impacts on relative bacteria/fungi ratios was determined by averaging the ratio from the two sampling dates and then dividing the cover crop treatment by the no cover crop treatment.
Gene Expression at the V12 Growth Stage of Corn
In the cover crop and no cover crop treatments, corn leaf tip samples (8 cm long) from the newest leaves on five plants growing in summit and footslope positions were collected at the corn V12 growth stage in the 134 kg N ha -1 treatments. Samples were immediately placed in liquid N 2 and stored at -80°C until analysis. Total RNA was extracted using Trizol reagent and purified using a Qiagen RNeasy MinElute cleanup kit. First-strand complementary DNA (cDNA) synthesis was performed using 5 mg of total RNA. Primers were designed for select genes using the Primer Express software (Applied Biosystems, 2004) .
One primer set (forward and reverse primers) (Oligo, dT) was combined with 1 mg of synthesized cDNA, and the expression of the gene specific to that primer set was measured using realtime quantitative polymerase chain reaction (RT-qPCR) using Go Taq Promega Master Mix Kit (Promega Corporation, 2011) . Threshold values were determined with SDS2.4 software (Applied Biosystems, 2010) . The resulting cycle threshold values were normalized to the average of an ubiquitin gene, and relative quantification was conducted when PCR efficiency, calculated as the slope of the standard curve of the target gene/ slope of the reference gene × 100, was between 95 and 105% or had an R 2 close to 0.99 (Livak and Schmittgen, 2001 ). Differential expression was determined by comparing the target gene expression level in the cover crop treatment with the same gene's expression level in the no cover crop treatment (Livak and Schmittgen, 2001 ). The reaction was repeated for each primer (Table 2) (Moriles et al., 2012; Hansen et al., 2013) . The ubiquitin-conjugating enzyme was included as the endogenous control. A more detailed discussion of the method has been provided by Applied Biosystems (2010) and Hansen et al. (2013) .
The genes selected for this analysis were based on previous experiments (Moriles et al., 2012; Hansen et al., 2013) . The MZ00019894 gene (NCBI ID, AJ250282.2) is a putative acid phosphatase that is located in the plant stem as a 28-kDa glycoprotein precursor. It is involved in plant hydrolysis and mobilization of inorganic P (Alexandrov et al., 2009 (Kobayashi et al., 2010) . The sequence for MZ00043643 (NCBI ID, ACO90485.3) is similar to YbiR_permease, a putative anion permease. Based on sequence similarity, YbiR proteins are predicted to function as anion translocating permeases in eubacteria, archaea, and plants (www.metalife.com/ CDD/29731). The MZ00048663 gene (NCBI ID, APO5869.3) is sequentially similar to a HAK gene, a high-affinity K transporter involved in the transporting of K through membranes in plants (Schachtman, 2000) .
Statistical Analysis
Due to the lack of homogeneity of variance, analyses were conducted separately for each site and year. In these analyses, which used a mixed model, locations were treated as random, whereas the cover crops and N rate treatments were considered fixed (Milliken and Johnson, 1992; SAS Institute, 2008) . A P value of 0.10 was used to identify significant differences. The three-way interaction among landscape position, N rate, and cover crop was not significant for any of the measured parameters and therefore the data are not provided.
The 95% confidence intervals for the relative soil bacteria/ fungi ratio, N mineralization (Eq. [1]), N fertilizer responsiveness (Eq. [2]), relative gene expression, and relative NO 3 amounts were determined (Eq. [3]). A relative soil bacterial/fungi ratio, NO 3 -N, or gene expression value >1 indicates that the cover crop increased the importance of bacteria, NO 3 , or gene expression, respectively, in the sample, whereas a ratio <1 indicates that the cover crop decreased these parameters. Normality was assessed by determining the skewness and kurtosis values for the different ratios (Ott, 1977; Chang et al., 1999) .
RESulTS ANd dISCuSSIoN
The climatic conditions differed among the three site years (Table 3 ). In the fall of 2009 at the Andover 2010 site, 31.6 cm of rain was recorded from August through October, which resulted in near-water-saturated conditions in the footslope area. The cover crop was seeded at this site on 9 Sept. 2010. . 2010 , 4 Nov. 2011 , and 11 May 2011 . The 95% confidence interval of each mean is provided. Based on permanent wilting point estimates for loam soils, between 6 and 9 cm of the water contained in the surface 60 cm of soil was not available for plant growth. Rainfall during the following growing season (2010) was highest of the three sites at 42.8 cm. Of the three sites, Andover 2010 had the highest amount of soil water when the corn was seeded, and it was identified as the low water stress site. Based on the water contents at the permanent wilting point, between 6 and 9 cm of the water contained in the surface 60 cm was not available for plant growth. In the fall of 2010 at the Andover 2011 site, 20.7 cm of rainfall was recorded from August through October. In the following year, 30.7 cm of rainfall was recorded from 1 May through 30 September. This site was classified as a moderate water stress site.
In the fall of 2010 at the Trail City 2011 site, 12.8 cm of rainfall was recorded from August through October, while in the following year 24.7 cm of rainfall was recorded from 1 May through 30 September. This site was characterized as a high water stress site.
Cover Crop Production
Cover crop production was impacted by many factors including planting date, moisture content at the planting date, temperatures, cover crop mixture, and fall rainfall totals (Table 3 ; Reese et al., 2013) . Cover crop production was higher at the moderate (Andover 2011) than the low and high water stress sites (Table 3) .
At Andover 2010 and Trail City 2011, the cover crop had a minimal impact on the amount of water contained in the surface 60 cm (Table 4) . However, different results were observed at Andover 2011 on 4 Nov. 2010, when the cover crop did not reduce the amount of water contained in the surface 30 cm but did reduce (P = 0.08) the amount of water from 7.5 to 8.8 cm in the 30-to 60-cm soil depth. The Andover 2011 results are attributed to high cover crop production. The lack of impact of the cover crop on soil water before corn seeding at the low and high water stressed sites is attributed to lower cover crop yields, which may have resulted from a later planting date at Andover 2010 and dry soil at Trail City 2011 (Tables 3 and 4) .
The amount of inorganic N contained in the soil before or at corn seeding was also impacted by site. The amount of spring inorganic N contained in the surface 60 cm was greater at Andover 2010 than Andover 2011 or Trail City 2011 (Table  4 ). The cover crop reduced the relative spring NO 3 (Eq. [3]) amounts (0.813 ± 0.109) before corn seeding in four of the six landscape positions (Table 4 ). This decrease was attributed to the cover crop using NO 3 the previous fall. This decrease suggests that the cover crop reduced the risk of N loss through leaching and denitrification.
Cover crop overwinter survival was different at the three sites. At Andover 2010, winter canola (Brassica napus L.) survived, while at Andover 2011 there was regrowth from radish (Raphanus sativus L.) tubers. At Trail City 2011, the cover crops did not survive the winter. Table 6 . The influence of N rate, landscape position, and cover crop (none and fall) on corn yield (15.5% moisture), grain N concentration, d 15 N, yield loss due to N stress (YLNS), yield loss due to water stress (YLWS), and the amount of inorganic N contained in the soil at the end of the growing season in the moderate-water-stress site (Andover 2011 
Yield Loss Due to Water Stress in a Low Water Stress Environment
In the low water stress environment (Andover 2010), the previous fall cover crop did not impact yield, the grain d 15 N value, YLNS, YLWS (Table 5) , or the amount of water in the soil at the end of the growing season (data not shown). The grain d 15 N values, which ranged from 3 to 7‰ in the summit area, suggests that most of the N in the plant was derived from soil N. At this site, the lack of an N fertilizer response was attributed to high apparent N mineralization, which was 273 ± 111 kg N ha -1 in the summit position and 320 ± 68 kg N ha -1 in the footslope position. The factors for the high apparent N mineralization may be related to high soil organic C (26.2 g SOC kg -1 soil). High N mineralization rates have been measured in the past under similar conditions (Kharel et al., 2011) .
Cover Crop Impact on Yield at the Moderate Water Stress Site
Corn yields at Andover 2011 (moderate water stress) ranged from 6000 to 14,000 kg grain ha -1 (Table 6 ). The lowest yields were observed in unfertilized plots in the footslope position. Landscape yield differences were attributed to the summit soil containing 16.2 of water while the footslope soil contained 20.1 cm of soil water in the no cover crop treatment on 4 Nov. 2010. Based on the estimated permanent wilting points, which ranged from 6 to 9 cm, a large percentage of this water was not available to the plant. Differential water availability may also be responsible for lower apparent N mineralization in the summit (78.4 ± 23) than footslope (185 ± 42 kg N ha -1 ), which in turn resulted in an N fertilizer response that was greater in the summit (37.2 ± 5.7 kg grain kg -1 N) than footslope position (15.5 ± 3.9 kg grain kg -1 N).
The presence of a cover crop in the summit increased (P = 0.02) N responsiveness from 31.1 to 43.2 kg grain kg -1 N. These results were attributed to the cover crop reducing the relative spring NO 3 -N concentrations. In addition, across landscape positions, cover crops reduced grain yield (P = 0.09), reduced the N concentration in the grain, increase the plants' use of soil-derived N, and increased the YLWS (Table 6 ). These results were attributed to several factors including the fertilizer N being immobilized into the cover crop biomass and/or the cover crop reducing the available water, which reduced the water transpiration stream and the amount of NO 3 contained in the transpiration stream.
Yield Loss Due to Water Stress in a High Water Stress Environment
Unlike the moderate water stress environment where the cover crops reduced yields, the cover crop in the high water stress environment had a minimal to positive impact (P = 0.12) on yield ( Table 7) . The presence of a cover crop also did not impact soil water, N concentration in the grain, the grain d 15 N value, Table 7 . The influence of N rate, landscape position, and cover crop (none and fall) on corn yield (15.5% moisture), grain N concentration, d 15 N, yield loss due to N stress (YLNS), yield loss due to water stress (YLWS), and the amount of inorganic N contained in the soil at the end of the growing season at the high-water-stress site (Trail City 2011 YLNS, or YLWS. These results are opposite to expectations and demonstrate that cover crops, with careful management, can be used semiarid environments without reducing yields. At this site, yields ranged from 4347 kg grain ha -1 in the unfertilized no cover crop summit landscape position to 9730 in the 134 kg N ha -1 , cover crop, footslope landscape position (Table 7) . Lower yields in the summit than the footslope position were attributed to lower water contents on 11 May 2011, which may have reduced N mineralization in summit soils. For example, in the summit landscape position, the soil contained 14 cm of soil water on 11 May 2011 (Table 3) and mineralized 69 ± 11.1 kg N ha -1 , whereas the footslope soil contained 18 cm of soil water on 11 May 2011 and mineralized 91 ± 20 kg N ha -1 during the growing season. At this site, the plants' reliance (d 15 N) on N fertilizer was higher for the 134 than the 67 kg N ha -1 treatment (Table 7) , while YLNS decreased with N additions (Fig. 1) .
Landscape position had a different impact on N responsiveness at Andover 2011 than at Trail City 2011. At Andover 2011, N responsiveness was higher in the summit than the footslope, whereas at Trail City 2011 the reverse was true. In the summit area at Trail City 2011, the N responsiveness was 16.4 ± 8.7 and 16.1 ± 3.7 kg grain kg -1 N fertilizer for the no cover crop and cover crop treatments, respectively. Higher values were observed in the footslope area, where N responsiveness was 30.9 and 29.0 kg grain kg -1 N fertilizer in the no cover and cover crop treatments, respectively. The fundamentally different results for N responsiveness at Trail City 2011 than at Andover 2011 were attributed to higher YLWS in the summit area at Trail City 2011 (6620 kg grain ha -1 ) than at Andover 2011 (3410 kg grain ha -1 ).
Cover Crop Impact on the Soil Microbial Community
When averaged across the two sampling dates, landscape positions, and locations (Andover 2011 and Trail City 2011), cover crops increased (1.29 ± 0.246) the relative bacteria/ fungi ratio in soil collected the following growing season (data not shown). Changes in the relative bacteria/fungi ratio may be related to the cover crop treatments including a plant from the mustard family (Brassicacea), which has been reported to speed up mineralization of the previous year's crop residues (Hoffbeck et al., 2008) . Increases in the relative bacteria concentrations may also have reduce C storage and increased mineralization (Bailey et al., 2002; Six et al., 2006) . Table 9 . The impact of water stress environment (Andover 2010, low; Andover 2011, moderate; Trail City, high) indicated by the yield loss due to water stress (YLWS) and cover crops on gene expression regulation. The values represent the ratio between the cover-crop and no-cover-crop values. The genes are identified using the Arizona Maize Array Oligo (AMAO) and National Center for Biotechnology Information (NCBI) classification approaches. Information on the gene identification numbers (ID) for the AMAO data is available at www.maizegdb.org, while information for these same genes in the NCBI system is available at www.ncbi.nlm.nih.gov/. A value of 1 indicates that the presence and absence of a cover crop resulted in similar activity, a value >1 indicates that the cover crop increased activity, and a value <1 indicates that cover crop decreased activity. The bacteria/fungi ratio is sensitive to many factors including N fertilizer, tillage, pH, measurement technique, and the C/N ratio of unharvested C returned to the soil. The return of unharvested C with high C/N ratios tends to favor fungi, while the addition of low C/N ratio materials tends to favor bacteria (Bossuyt et al., 2001 ). For example, at Andover 2010, broadleaf and grass cover crops collected from the site in November had C/N ratios that ranged from 6.3 to 9.6, while the corn stover had C/N ratios that ranged from 38 to 68. Wheat straw can have C/N ratios that range from 50 to >100 (Kharel et al., 2011) .
Higher mycorrhizal marker concentrations in summit than footslope soils at three of the four sampling dates were attributed to landscape position differences in soil pH and soil water (Table 8 ). This interpretation is based on: (i) Northern Great Plains glaciated summit soils often having lower pH values (6.5-7.5) than footslopes (7-8) (Clay et al., 2001) , and (ii) bacteria being generally favored by high pH (Bååth and Anderson, 2003) , while fungi are generally favored by dry soil conditions (Adebayo and Harris, 1971) .
Cover Crop Impact on Gene Expression
The cover crops had a mixed impact on gene expression and yields (Table 9 ). In the low water stress (Andover 2010) environment (high yield), cover crops did not influence gene expression. At this site, differences were not expected because the cover crop did not increase YLWS. Different results were observed in the moderate water stress environment (Andover 2011), where cover crops reduced yields, increased YLWS, and resulted in decreased expression of two of the mineral nutrient genes (NCBI 4336546 and APO05869.3) and one gene associated with energy processing (AF325723.1). Slightly different results were observed in the high water stress environment (low yield, Trail City 2011), where cover crops did not influence yields, YLWS, or gene expression.
To understand the mixed impact of the cover crops on gene expression and corn yields, it is important to review the impact of water stress on gene expression. Hansen et al. (2013) reported that water stress of corn in the summit landscape position resulted in the down expression of 496 genes and the up expression of 341 genes. Hansen et al. (2013) also reported that water stress in the summit landscape position resulted in the down expression of the gene AF325723.1 (P = 0.023). This finding is consistent with the cover crop increasing water stress and suggests that at Andover 2011 the plants' ability to respond to other stresses may also have been down expressed.
SuMMArY
At Andover 2010, cover crops and N rates did not impact corn yields the following year. However, the cover crop had fundamentally different impacts on corn yields at Trail City 2011 and Andover 2011. Both sites were responsive to N fertilizer; however, at Andover 2011 the cover crop reduced corn yields while at Trail City 2011 the cover crop did not impact corn yields (P = 0.12). These results are contrary to the expectation that yield losses will be most serious in high water stress sites. The yield reduction at the moderate water stress site (Andover 2011) was attributed to high cover crop production (>2000 kg ha -1 ), which reduced soil water 15% in the 30-to 60-cm soil depth and increased yield losses due to water stress from 1610 to 2950 kg grain ha -1 . Associated with the yield reduction was down expression of two mineral nutrient genes (NCBI, AF325723.1 and APO05869.3) and one energy processing gene (AF325723.1). The cover crop increased the relative bacteria/fungi ratio when averaged across sampling dates, landscape positions, and locations in 2011 and reduced the relative amount of soil NO 3 at four of the six landscape positions.
Planting cover crops early in dry soil may increase the following crop yield, whereas early cover crop seeding into a moist soil can increase cover crop production (Reese et al., 2013) but reduce the following cash crop yields by increasing water stress. Perhaps reducing seeding rates or delaying seeding could reduce this risk. These findings indicate that cover crops after winter wheat can be an important mechanism for scavenging N in semiarid, frigid environments; however, adopting techniques that generate high cover crop yields can adversely influence the following cash crop.
